Para~in-Coated Apparatus.
In the original method a portion of the apparatus was coated with melted paraffin, but the cannulas and the rubber collars were left with clean uncoated surfaces. In control experiments with this technic the flow through the apparatus persisted only for from 6 to 10 minutes (rarely 25 minutes if animals were exceptionally large and vigorous), before occlusion of the lumen occurred. It was thought that complete coating of all parts of the apparatus except the coUodion membrane might yield results of interest. To this end, the six glass sections and the four rubber collars were assembled and dipped into melted paraffin, before the collodion tube was attached. The paraffin was cooled carefully in order to obtain as smooth an inner lining as possible.
With such preparation of the apparatus, the flow of blood through the loop could be maintained with ease in normal animals for from 2 to 5 hours instead of from 6 to 10 minutes, a striking demonstration of the important part played by physical variants in thrombosis.
The explanation of this tremendous increase in the duration of flow was not far to seek. With the original technic the glass side tubes were coated with paraffin and then inserted into the uncoated rubber collars until the ends met. If it were possible to secure a water-tight joint by this means such a procedure would be as effective as the coating of the apparatus with paraffin in the assembled state. However, this was not possible, since the ends of the tubes were not ground to fit closely. Thus, when blood passed from one paraffined tube into the next a portion of it came in contact with the surrounding rubber collar and, this being an unparaffined ("water-wettable") surface it facilitated the attachment and disintegration of platelets with the consequent formation of a thrombus at this point. Furthermore, npa.vafl~'~ed. rubber ~ollar Pav~t'~eet g~.a~s tub~ FIo. 1. Sagittal section through joint of extracorporeal loop (early technic). a, point at which blood came into contact with unparaffined rubber collar.
since at this juncture the lumen of the apparatus expanded suddenly, eddies were formed, thus fulfilling another prerequisite for the formation of thrombi (Fig. 1) . When one considers that there were four such points in the original apparatus and that the surfaces of the two cannulas also were clean and unparaffined, it is not difficult to understand how thrombi could obstruct the lumen in one of these areas within 10 minutes in the normal animal.
If one is studying the duration of flow with and without anticoagulant substances (as did Shionoya)the original technic is far better than the modification since it yields more contrast in results and permits the comparative study of duration of flow through the extracorporeal loop. If, on the other hand, one wished to follow, microscopically, the process of thrombosis, the newer method is preferred since it allows adequate time for detailed study of the early stages of thrombosis.
Size of Collodion Tube.
The collodion tubes used in the first method were 7.5 ram. in diameter and the inside diameter of the glass tubes was but 2.5 ram. Thus, the lumen was suddenly expanded to three times its previous size as the blood left the arterial corner tube and entered the collodion tube. The formation of eddies was marked and the speed of the stream was profoundly decreased. As a result the deposition of platelets and the formation of obstructing thrombi were correspondingly hastened. The large membranes, too, assumed wrinkles of considerable size at points of attachment, another factor predisposing to early thrombosis.
In a later study, tubes just large enough to slip over the ends of the glass tubes were utilized. The pulsation in these is less marked, a factor worthy of attention in microscopic observations, and there is less tendency to early obstruction since the blood current is more rapid and forcible when the diameter of the lumen is decreased.
Direct Microscopic Observation of Thrombus Formation.
A microscope and a carbon arc lamp have been added to the apparatus, making it possible to follow the course of events in the transparent collodion tube throughout the experiment. Using the low power objective as a water immersion lens, the surface flow of blood in the tube can be distinctly seen as well as the gradual formation of white thrombi from their earliest stages. Vital stains have been utilized in this connection. 1 per cent methylene blue introduced into the circulation is taken up by the platelet thrombi, and thus they are outlined clearly against the prevailing red background.
Rapid Method of Permanent Staining of Thrombi on the Collodion
Membrane.
As was stated in Paper I, the membranes may be "observed directly, or studied under the microscope with or without the aid of special stains; or the specimen may be prepared and embedded in paraffin for section staining and ordinary pathologic study." The latter method was used as a routine since it yielded permanent specimens. It possessed, however, outstanding disadvantages; the time element was considerable as the sections went through the busy routine of the pathologic section, and unless there was a considerable mass of thrombi on the membrane the vertical section would show practically nothing. For a study of the early stages of the formation of thrombi on the membrane, this method was wholly inadequate.
To supplement the direct observations through the low power of the microscope, it was desirable to study the membranes with counterstains, and the higher magnifications. It was found difficult and unsatisfactory to do this while the membrane was attached to the apparatus. Attempts were then made to stain the tubes immediately following removal from the loop. After considerable experimentation, a satisfactory method was devised for staining and observing the minute details of early thrombosis on the surface of the membrane. The tube is washed gently in 0.9 per cent sodium chloride solution immediately after its removal from the apparatus and segments about 1 cm. square are clipped out. Some of these small portions are fixed in the vapor of 1 per cent osmic acid. A few drops of dilute ether-alcohol-collodion solution are placed on a clean glass slide and the membrane specimen dried quickly on the outer surface with a blotter or soft cloth. Then before the collodion solution has dried the membrane is placed on it (with the thromboplastic elements uppermost) and gently flattened. The preparation is allowed to dry for a few seconds and is then placed in distilled water for from 2 to 3 minutes. If the membrane does not wash off in the water, it probably will adhere to the slide during the staining process. The slide is then run through a hematoxylin-eosin-alcohol series and finally through carboxylene and xylene exactly as though it were a paraffin section. It is mounted with Canada balsam under a cover slip. The entire process occupies only from 15 to 20 minutes, and several sections may be prepared at the same time.
With this method membranes can be removed from the extracorporeal loop after but a few seconds or minutes of flow and the individual platelets which are attached can be studied long before a tendency toward grouping is manifest. Serial sections are also possible and thus the gradual growth of a thrombus from the first tiny clump of platelets to the leucocyte, fibrin and red cell stage may be followed and preserved in permanent sections. These sections are really bird's-eye pictures of the progress of events on the surface of the membrane, and supplement adequately the observations made directly with the arc lamp and low power objective during the course of the experiment. 
Artificial Heart.
The extracorporeal loop, minus the cannulas but supplied with an expansion chamber, was attached to the two valves of the Woodyatt pump. All surfaces were carefully coated with paraffin so that at no point would the contained blood come into contact with a waterwettable surface. Whole blood was run directly into the apparatus from a greased cannula in the carotid artery of a rabbit. The motor was started immediately and a continuous flow of blood through the loop was obtained. Thrombus formation in the collodion tube proceeded at the same rate as in the normal animal, but the thrombi were laid down in longitudinal streaks because of the absence of eddies.
The alternate suction and expulsion of the single cylinder of the pump imparted an intermittent motion (stop-flow-stop-flow) to the blood in the apparatus. The expansion chamber overcame this disadvantage to a certain extent and a fairly continuous flow was finally obtained. Eddy formation being minimal because of the slow speed of the stream, white thrombi (and later, fibrin) were laid down in longitudinal striations, instead of in the usual manner. This is another confirmation of the importance of eddy formation in the growth of thrombi (Fig. 2) .
Platelet-containing oxalate plasma was used in the same manner; on recalcification some platelet deposit and fibrin formation was evident. Since the staining method had not been worked out at this time, no microscopic studies were possible.
Additional Modifications.
Instead of the test-tube dialyzing jacket originally used, a small chamber 2.5 by 7.5 by 1.7 cm. made of glass cemented with balsam has been substituted. This chamber is more stable, holds more fluid and permits agitation of contents while dialyzing experiments are carried on. It is also better adapted for use when direct microscopic observations are being made.
In the selection of arterial cannulas, it is well to use the largest one which can be slipped into the vessel. As has been shown elsewhere, the more the cannula is constricted the more easily do obstructing thrombi form.
The medial branch of the external jugular vein of the rabbit possesses a valve system near the point of juncture which prevents reflux of blood into this branch. Consequently when the vein is ligated above this point it promptly collapses and it cannot be refilled except from above. It may be incised and a cannula inserted, without the necessity of clamping, since there is no loss of blood. Thus unnecessary trauma to the delicate intima is averted and the formation of thrombi in the vein practically ceases to be a consideration.
CONCLUSIONS.
As the result of these modifications, many of which in themselves may appear trifling, the course of events in the extracorporeal loop is greatly affected. White thrombi, it is true, are laid down in from 10 to 20 minutes, but the formation of fibrin sufficient to cause obstruction is prevented for 3 hours or more. Thus, the observations in normal animals tend to approach those described in Paper II1, after the use of anticoagulants such as heparin and hirudine. The new technic offers certain advantages in the study of the details of the early stages of thrombosis.
